ABSTRACT Skin grafts were performed to prove the level of genetic diversity in chicken populations of the Obese strain (OS), which develops a spontaneous Hashimoto's-like thyroiditis, and University of California at Davis (UCD) Line-200 chickens, which are hereditarily afflicted with progressive systemic sclerosis (scleroderma). As controls, Cornell C-strain (CS) and inbred, normal White Leghorn CB chickens were included in the genetic monitoring program. At the commencement of this study in 1988, median allograft rejections were observed after 9 to 12 d (range 8 to 14 d) in OS and CS chickens that derived from large flocks at Cornell University, whereas OS sublines of the smaller, more closely-bred colonies at the University of Innsbruck, Austria, showed median allograft rejection after 19 d (range 12 to 35 d). From 1988 to 1993, allograft survival was only slightly prolonged in the OS sublines. However, the results of the skin allotransplantations in
INTRODUCTION
Genetically characterized and monitored inbred and outbred animal lines are essential facets for the quality and usefulness of laboratory animals (Lane-Petter and Pearson, 1972 ; Committee for the Biological Characterization of Experimental Animals/GV-SOLAS, 1987). However, genetic factors are known to play an essential role in the etiopathology of diseases and the susceptibility for, and resistance to, certain treatments and procedures in humans and animals. Therefore, various techniques have been established to define the genetic markers of animals, such as skeletal morphology (mandible shape), and serological, biochemical, cellular, and molecular biological tests (Festing, 1972 (Festing, , 1976 Bailey, 1981; Cramer and Caputo, 1983; Bender et al., 1984; Hedrich and Kluge, 1985; Russell et al, 1993) . In the other subgroup allografts were accepted at rates similar to autografts. In addition, the inbreeding coefficient was calculated for eight male and eight female OSB 5 B 5 Cornell (C) and OSB 5 B5Innsbruck (INN) chickens, respectively, hatched in 1993. On the basis of mating records, the minimal estimate of the inbreeding coefficient was calculated to be 0.0679 in the OSB5B5C and 0.1035 in the OSB5B5INN population. The results demonstrated a higher degree of consanguinity in the smaller population of OSB5B 5 INN chickens compared to OSB 5 B 5 C birds. The latter are maintained in larger numbers, therefore, the frequency of matings between related individuals should be lower.
1996 Poultry Science 75: [285] [286] [287] [288] [289] [290] [291] [292] [293] Skin allografting has also been used for many years as a standardized method to characterize the genetic divergence in mammalian, avian, and cold-blooded species (Billingham and Medawar, 1951; Falconer, 1957; Billingham and Silvers, 1959; Krapiens, 1985) . Skin grafting has retained its value as a rather complex system to reveal the conservation of homozygosity in established inbred strains (Medawar, 1958; Billingham, 1961; Palm, 1961; Snell and Stimpfling, 1966; BitterSuermann and Lewis, 1980; Klein, 1982) .
Skin allografting is performed in our animal facilities to monitor the rate of heterogeneity in our chicken sublines, which are used as animal models for human autoimmune diseases. Chickens of the Obese strain (OS) hereditarily develop a spontaneous autoimmune thyroiditis (SAT) that closely resembles human Hashimoto's thyroiditis in clinical, serological, endocrinological, and histopathological aspects (Wick et al, 1985 (Wick et al, , 1989 (Wick et al, , 1994 . On the basis of pedigreed mating records, the inbreeding coefficients of the OSBSB^C and OSB5B5INN chicken population were calculated to measure the consanguinity in these populations. University of California at Davis (UCD) Line-200 chickens hereditarily develop progressive systemic sclerosis (PSS) (Gershwin et al, 1981) . These animals were obtained in 1988 as an inbred chicken line, established in our facilities, and propagated by pedigreed matings. The selection procedures for parental birds of both the OS and UCD-200 chicken lines focused on preservation of phenotypical, serological, virological, histomorphological, and immunological parameters to maintain the characteristic hallmarks of their autoimmune lesions. Due to limited space in our facilities, chicken breeding populations are restricted, as shown in Table 1 . However, sires and dams were selected and pedigreemated to avoid decreased productivity and loss of fitness in chickens with autoimmune lesions.
MATERIALS AND METHODS

Animals
Male and female White Leghorn OS, CS, CB, and UCD-200 chickens were used as skin allograft donors and recipients. These chickens were homozygous in the MHC (B system in chickens) as confirmed by blood typing (Hala, 1977) . Using specific alloantisera, the following B haplotypes were found: OSB13B13, OSB5B5, OSB15B15, C-strain = CS (E&B&), , and the highly inbred, normal White Leghorn CB (B^B^). The designation of the MHC haplotypes conforms to the nomenclature adopted at the international workshop of the chicken MHC held in 1981 in Innsbruck, Austria (Briles et al, 1982) .
Historically, OS chickens were developed from CS chickens by selective breeding at Cornell University in the late fifties (Cole, 1966; Cole et al, 1970) . The maintenance and breeding of the hypothyroid OS chickens require specific housing and selection procedures, as detailed in Dietrich (1989 B13B13"C" and the CS colony were established. The OS and CS lines were bred using artificial insemination (Al) for maximum avoidance of brother-sister-matings based on a database concept for pedigreed matings (Huber et al, 1990) .
The CB chickens originally derived from the Prague C-line (Hasek et al, 1966; Hala, 1987) , a syngeneic strain with MHC B 12 haplotype, were monitored for isogeneity by means of skin allografting, mixed-lymphocyte and graft-versus-host reaction at the Prague Institute of Molecular Genetics in the Czech Republic. Each year, newly hatched chickens are shipped from this institution to our facilities, where the birds were raised and selected for viability and productivity. A few birds of this inbred line were included into the skin allograft program as an additional control to the autotransplants.
Hatching eggs from the University of California at Davis "Line 200" were obtained in the fall of 1988. Parental birds were selected in 1989, and a breeding colony of three to four roosters and six to eight dams was established every subsequent year. Line-200 birds develop the entire spectrum of progressive systemic sclerosis (PSS), i.e., vascular occlusion, severe lymphocytic infiltration of the skin and viscera, fibrosis of skin and internal organs, antinuclear antibodies, rheumatoid factors, and distal polyarthritis.
Skin Grafting
Allografts were obtained from donors of the same haplotype and, as control, autografts were transplanted. A part of a wattle was carefully removed with scissors from male and female chickens aged 8 mo or more under local anaesthesia with Hostacain.
1 The wattle tissue was split, placed in tissue culture medium (RPMI 1640 supplemented with 100 U/mL penicillin and 100 ng/mL streptomycin) and cut into 6x8 mm tissue pieces. The injured wattle of the donor chicken was covered by Valvanol Argophyll 2 antiseptic wound powder and sterile gauze and carefully compressed until bleedings stopped.
Same-sex allografts were used to avoid allograft rejection due to the sex antigen. After superficial cleaning and disinfecting of the dorso-medial region of the host's shank with Isozid-H tincture, 3 three to four subcutaneous injections of total 0.5 mL Hostacain were placed below the horny scales for local anaesthesia. Using a No. 11 scalpel, 4 two to four scales were gently removed and the dermis scarified to provoke slight bleeding (McCarrey et al, 1981) . The allograft was carefully placed in position by foreceps, covered by an excess amount of antiseptic wound dressing powder, and fixed with a surgical tape. Chickens were then placed in individual cages.
Classification of Allografts
Tapes were removed 6 d after transplantation and each allograft was evaluated for location and adherence in situ, color, surface appearance and signs of traumatic or infectious (suppurative) lesions. Autografts served as controls for the transplantation technique and facilitated comparison to allografts in the classification procedure. Grafts were classified every day, and from the 4th wk on, graft evaluations were performed at weekly intervals until grafts were rejected or animals were discarded. Allograft acceptance, as shown in Figure 1 , was characterized by proper attachment in situ, tan to reddish color, normal surface structure of wattle tissue, and lack of suppurative or necrotic reactions. Allografts were classified as rejected if location and attachment were as desired but color changes to dark brown and black, scrabbing, and sloughing were observed, or surface structure appeared rugged or disrupted, as shown in Figure 2 .
Statistical Analysis
The allograft survival was studied in our chicken lines during a 6-yr period (1988 to 1993) to monitor the degree of heterogeneity in the populations. Results were expressed for each subline as the median and the range of allograft survival in days. The survivorship function was first calculated for allografts in each chicken line. For the intraline comparison between the populations of the indicated years, an extension of the Gehan's Wilcoxon test was used. Surviving allografts on recipients that had to be discarded were treated as censored observations in the analysis. Differences were considered to be statistically significant at P < 0.05. ured between the parents and, hence the chance of inheriting an identical gene at a given locus therefrom. To assess relationships between mates, the method of path coefficients was used (Wright, 1931) . The pedigrees of the mates were drawn and all their common ancestors marked. Subsequently, the least remote common ancestor was selected, and the two mates were connected in the pedigree by all possible paths leading to this common ancestor. The number of steps in each path corresponding to the number of generations was counted and calculated as described by Wright (1931) . Using this method, matings among nonrelatives, first cousins, first degree step cousins, second cousins, and brother-sister matings were recorded.
For the calculation of the index describing the average consanguinity in a population, all kinship matings were considered. The resulting coefficient of apparent consanguinity was calculated by adding the inbreeding coefficient in the study population to the consanguineous matings multiplied by its relative frequency (Vogel and Motulsky, 1986) .
Calculation for the Inbreeding Coefficient
Based on pedigreed breedings of eight male and eight female OSB5B5C and OSB5B5INN chickens hatched in 1993, the inbreeding coefficient was calculated for each of the two sublines. The degree of relationship was meas- Table 2 details the number of allografts and autografts and survival times for each year from 1988 to 1993 for the analyzed chicken haplotypes. As shown, during this period, 660 allografts and 290 autografts were transplanted. 
RESULTS
The Fate of the Allografts
An overview on the fate of allografts is given in Figure 3  (A) . In 1988, the median and the range of allograft survival of four OSB13B13C, seven OSB5B5C and 12 CS chickens were calculated with 10 d (range 9 to 14 d), 9 (8 to 12) d, and 12 (8 to 14) d, respectively (Table 2) . Skin allografts in 13 OSB5B5INN and 31 OSB15B15INN birds survived 19 (12 and 13 to 35) d. In the inbred CB (B12B12) chickens, eight allografts were observed up to 120 d.
In 1989, the allografts of 39 OSB13B13C survived 13 (9 to 18) d, of 27 OSB5B5C 9 (5 to 16) d, and of 26 CS 12.5 (8 to 14) d. The 49 allografts of OSB5B5INN survived 14 (6 to 29) d and 7 allografts of the CB line were still accepted after 180 d. Two further allografts on different CB chickens were lost due to technical reasons (lack of proper adherence in situ and purulence on Day 6) after 19 and 23 d and were not considered in the statistical analysis.
In that year, we monitored UCD-200 chickens for the first time by the skin allografting technique. Surprisingly, 62 of 79 allografts (78.5%) were rejected after 6 to 37 d. The remaining 17 allografts (21.5%) were found to be accepted until 62 d after transplantation and, hence, animals were discarded and treated as censored observations in the survival analysis.
In 1990, only the two INN OS sublines and one group of UCD-200 birds were transplanted. The survival time for six allografts of OSB5B5INN chickens was 13.5 (11 to 22) d, for 23 allografts of OSB15B15INN birds 21 (12 to 35) d. Among the UCD-200 chickens 9 of 13 allografts (69.2%) survived 30 (10 to 37) d. More strikingly, many alio-and autografts were lost by displacement, bleeding and mechanical injuries in Line-200 birds. However, 15 autografts and 4 allografts (30.8%) could be monitored for 195 d after grafting and were found to be accepted (Table  2) .
In 1991, 30 allografts and 32 autografts in the OSB5B5INN subline, and 23 allografts and 18 autografts in UCD-200 birds were evaluated. Allografts in the OS chickens survived 14 (8 to 40) d and 20 allografts (87%) in Line-200 chickens were rejected after 21 (8 to 90) d. Three allografts (13%) of the UCD-200 were found to be accepted by the recipients, hence treated as censored observations, and could be simultaneously followed with 18 autografts up to 96 d (Table 2) .
In 1992, we evaluated 39 allografts in OSB13B13C chickens and found a survival time of 13 (9 to 43) d, 22 allografts in OSBSB^C survived 21.5 (9 to 33) d, and 17 allografts in CS chickens survived 13 (9 to 33) d. All autografts (n = 36 in OSB13B13C, n = 17 in OSB5B5Q n = 8 in CS chickens) were observed for about 6 wk (40 to 43 d) and found to be properly accepted by the recipients.
In 1993,24 allografts of OSB13B13C, 39 of OSB5B5C, 20 of CS, 69 of OSB5B5INN, 10 of OSB15B15INN, 21 of UCD-200, and 5 of CB chickens were evaluated and results are detailed in Table 2 . Again, the most striking feature was the rejection of 18 out of 21 allografts (85.7%) in UCD-200 birds after 16 (7 to 26) d, and the acceptance of three allografts (14.3%) up to 51 d, when the animals were discarded.
Comparison of Allografts According to Survival Time in Each Subline
In the cumulative survival analysis the investigated generations of OSB13B13Q CSB13B13, and UCD-200 birds 1988 1988 1988 1989 1989 1992 1988 1988 1988 1988 1989 1989 1989 1990 1990 1991 1988 1988 1990 1992 1993 1992 1993 1993 1989 1990 1991 1993 1990 1991 1993 1991 1993 1993 1990 1993 1993 Figure 3B ). As indicated, one subgroup rejected skin allografts and the other subgroup seemed to represent a genetically more homogenous population in which allografts were accepted like autografts. In contrast, among the investigated generations of OSB5B5C and OSB5B5INN we found a statistical difference (P = 0.000) in allograft survival (Figure 3 C,D) , as well as in OSB15B15INN chickens (P = 0.036). These results revealed intraline generation differences which were analyzed in detail as shown in Table 3 . Briefly, in OSB5B5C chickens, a significantly prolonged allograft survival (P = 0.000) was found when the 1992 birds were compared to the populations of 1988, 1989, and 1993 and when the 1993 birds were compared to the 1989 population (P = 0.042). Allografts of OSB 5 B 5 INN chickens survived significantly shorter in 1989 (P = 0.000), 1991 (P = 0.002), and 1993 (P = 0.000) than in 1988, and a statistical difference was found comparing the populations of 1991 and 1993 (P = 0.003). In the OSB 15 B 15 INN chickens the allografts survived significantly shorter in the 1993 population than in the populations of 1988 (P = 0.008) and 1990 (P = 0.010). Individual breeding records of chickens were available as of 1988, when we commenced artificial insemination. Pedigrees were kept and inbreeding coefficients for the OSB5B5C and the OSB5B5INN population calculated. In the pedigree of OSB 5 B5C chickens, 68.8% of the matings were among nonrelatives, 25% between first cousins, firstdegree step-cousins or second cousins, and one pair in the grandparent generation was a brother-sister mating. In the OSB 5 B 5 INN colony, 37.5% of the matings were among nonrelatives, 56.3% among first cousins, first-degree stepcousins or second cousins, and two brother-sister matings were noted in the parental generation. The minimal estimate of the inbreeding coefficient in 1993 was calculated to be 0.0679 in the OSB5B5C and 0.1035 in the OSB5B5INN population.
Inbreeding Coefficient in Populations of
DISCUSSION
The OS and UCD-200 chickens have great value as animal models in elucidating the pathomechanisms of autoimmunity, including genetic aspects, that are essential for the onset of organ-specific and systemic autoimmune lesions. Based on these results, new therapeutic strategies against autoimmune diseases can be developed.
The breeding of OS and UCD-200 chickens is aimed at the maintenance of homogenous populations with severe autoimmune lesions and high productivity and viability of parental birds. In our animal unit, the numbers of sires and dams for breeding purposes are restricted by space. Pedigreed matings are performed by AI and full-and half-sib matings are avoided. Heterogeneity in the chicken sublines was monitored by means of allografting. Until 1987, skin allografting was sporadically performed, and grafts were placed on the backs of the chickens. The described method of placing skin grafts on the dorso-medial region of the host's shank (McCarrey et d., 1981) was established in 1988. Housing chickens in individual cages and placing alloand autografts on the legs of the birds allowed the observation and classification of grafts from a distance, negating the necessity for handling and restraint as well as the resultant distress. In addition, it is important to emphasize that AI can be continued without interruption despite the skin grafting program.
The classification of grafts can be complicated by technical problems, such as displacement and insufficient nutritional supply to the graft, shortage of antiseptic wound dressing powder, bleeding, infection or mechanical destruction of the skin grafts, via beak strokes or cage wires entailing loss of grafts. These technical reasons were clearly distinguished from immunologically-determined allograft rejection based on incompatibility in minor histocompatibility antigens by careful observation and record keeping.
The fate of grafts from 1988 to 1993 are summarized in Table 2 . Briefly, skin allografts of OS and CS recipients derived from the 1987 egg shipment originating in the large breeding flocks at the Cornell University revealed significant shorter survivals than those from the small "INN" populations. The rate of inadvertent inbreeding monitored by skin grafting showed no dramatic increase during these 6 yr except for the single OSB5B5C population of 1992 which showed a temporary prolongation of allograft survival. However, in both OS INN populations a significant decrease of allograft survival was observed until 1993 compared to the populations of 1988, respectively, which can be explained by pedigreed breeding with maximal avoidance of full-and half-sib matings (Rapp, 1972; Green, 1981) . The statistically calculated significance of a longer survival time of allografts in 1991 of the OSB5B5INN compared to the population of 1993 (P = 0.003) lacked a biological relevance.
The UCD-200 chickens have been maintained in our facilities since 1988, and in 1989 they were monitored for the first time in our facilities for homogeneity by skin grafting. Strikingly, 62 of 79 allografts were rejected after 16 (6 to 37) d, although this line was originally supposed to be an inbred strain. To avoid false interpretations caused by technical failures, we transplanted skin grafts in 1990, 1991, and 1993 and, again, allografts were rejected. This unexpected fate of UCD-200 allografts challenged the supposed inbred status of these chickens and provided clear evidence that the UCD-200 population in our possession represents two subpopulations, one heterogenous, in which allografts are rejected, and a homogenous in which allografts are permanently accepted. It is emphasized that many allografts and also autografts in UCD-200 birds were lost by displacement, bleeding, and mechanical injury due either to the distinctly more aggressive behavior of the birds (Dietrich, unpublished data) or to as yet unknown pathomechanisms of the scleroderma-like disease wherein inflammatory, necrotic and fibrotic lesions develop preferentially at sites of mechanical stress. Further detailed analyses may determine whether the healing process in UCD-200 chickens is disturbed by local or systemic or both autoaggressive mechanisms. However, the so-called UCD-206 chicken line, established in our facilities in 1993, develop scleroderma-like lesions similar to line-200 birds. Skin allografts are scheduled for the next generations of UCD-206 chickens.
Since 1991, exclusive selection of breeding chickens free from the avian leukosis virus (ALV) (Dietrich et al, 1992; Malin et al, 1993) has considerably reduced the number of sires and dams as breeders for each haplotype. At that time, we only used leukosis-free breeding chickens to amend the health status, viability and productivity of the animals. Because the number of birds had to be reduced, more frequent matings between relatives had to be tolerated, entailing a slight increase of isogeneity in chickens tested as shown in 1992.
Based on the immediate preceding three generations the inbreeding coefficient was calculated in the OSB 5 B 5 C and OSB5B5INN colony of 1993. However, a certain degree of homozygosity prior to our pedigreeing efforts has to be supposed, in particular, if one considers that at the very first beginning of the establishment of the OS, Cole (1966) used three female birds from which, by selective breeding, this animal model was established and maintained over the past decades as a closed-bred line (Wick et al, 1981) . Therefore, it is very difficult to estimate the inbreeding coefficient for this line and we determine for our OSB 5 B 5 C and INN populations inbreeding coefficients of 0.0679 and 0.1035, respectively. In human populations localized in circumscribed countries, regions or dioceses an increased inbreeding coefficient is found between 0.0003 to 0.0051 (Vogel and Motulsky, 1986) . In small and closed-bred populations, genes become identical by descent with time and the inbreeding coefficient increases after several generations. Due to limited animal numbers in our OS and CS breeding flocks, increased homogeneity with time is unavoidable, although brother-sister matings and other close-kinship matings are avoided whenever possible. Though matings with chickens from larger flocks, i.e., OS and CS from the Cornell University and Line-200 chickens from the University of California at Davis, would increase heterogeneity, unfortunately, those flocks are not routinely monitored to be free even from subclinical infections with ALV.
It must be emphasized that the most important selection criteria of OS and UCD-200 chickens are the characteristic hallmarks of the autoimmune trait (SAT in OS and PSS in UCD-200) and on the preservation of productivity and viability in each subline. The increase of a certain degree of consanguinity with time must be accepted under these circumstances, therefore, we maintain the closed-bred status of our chicken populations and monitor the degree of consanguinity by skin allografting.
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